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SUMMARY

The spatial characteristics of a spray formed by two impinging

water jets in quiescent air were studied over a range of nominal jet

velocities of 30 to 74 feet per second. The total included angle

between the O.089-inch jets was 90 ° . The jet velocity, spray velocity,

disappearance of the ligaments just before drop formation, mass distri-

bution, and size and positio n of the largest drops were measured in a

circumferential survey around the point of jet impingement. Photo-

graphic techniques were used in the evaluations.

The distance from the point of jet impingement to ligament breakup

into drops was about 4 inches on the spray axis and about 1.3 inches in

the radial position ±90 ° from the axis. The distance tended to increase

slightly with increase in jet velocity.

The spray velocity varied from about 99 to about 72 percent of the

jet velocity for a change in circumferential position from the spray

axis to the ±80 ° positions. The percentages tended to increase slightly

with an increase in jet velocity. Fifty percent of the mass was distrib-

uted about the spray axis in an included angle of slightly less than

40 ° . The effect of jet velocity was small.

The largest observed drops (2260-micron or 0.090-in. diam.) were

found on and about the spray axis. The size of the largest drops

decreased for an increase in radial angular position, being about

1860 microns (0.074 in.) at the ±90 ° positions. The largest drop sizes

tended to decrease for an increase in jet velocity, although the veloc-

ity effect was small.

A drop-size distribution analysis indicated a mass mean drop size

equal to 54 percent of an extrapolated maximum drop size.



The spray properties were analyzed for correlating parameters.
Sheet length at breakup and a calculated apparent sheet thickness were
found to vary nearly proportiomally with the square root of the ratio
of mass-flow rate to spray velocity in a spray-pattern sector. Maximum
drop size decreased with sheet thick_hess; however, no functional rela-
tion could be established because of the scatter in data.

INTRODUCTION

The spray pattern produced by two impinging jets is primarily two-
dimensional in a plane perpendicular to the plane of the jets. The
spray is formed by flow which propagates approximately radially from
the point of jet impingement. This radial flow iS not circumferentially
uniform. Consequently, spatial variations in the spray pattern exist.
Although such sprays have been studied extensively, most investigators
treat the spray as a unit and report single-value properties for the
entire spray as in references i and 2. Spatial variations are reported
in reference 3; however, only a limited numberof such studies have
been made.

The purpose of this study was twofold: (i) to provide additional
data on spatial characterisVics, and (2) to provide data on a specific
atomizer which has been used in experimental combustion tests. Such
data would be an aid in mathematical analysis of spray formation and
in interpreting combustion phenomenain the vicinity of the injector.
Specifically, the maximumdrop size, mass flow, liquid-sheet breakup
characteristics, and spray velocity were measuredalong radial paths
leading from the point of impingement. These measurementswere madeon
water sprays, in quiescent air, with an atomizer having a pair of
O.089-inch-diameter impinging jets with a total included angle of 90° .
This atomizer was used in rocket-engine combustion tests reported in
references _ to 6. A jet-velocity range similar to that used in the
combustor tests was investigated; these velocities included values
typical of those encountered in current rocket-engine design practice.

APPARATUSANDPROCEDURE

The atomizer details are shownin figure l(a). In combustor tests
this atomizer was used for like-on-like impingement of a variety of
liquid propellants. In the present spray studies water was used and the
spatial spray characteristics were obtained for a jet-velocity range
of 50 to 74 feet per second. In all cases the sprays were formed in
quiescent air.

The flow system used is shownschematically in figure l(b). The
water tank pressure was limited to i00 poundsper square inch. The
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water-flow rate was measured with a recording flowmeter. The spray axis

was horizontal, and the spray plane was normal to the horizontal plane

in all tests. Shadowgraph pictures of the spray ligaments and drops

were obtained with a 35-millimeter camera using single flashes of a

microflash light source (fig. l(c)); an example is shown in figure 2.

Figure 2 also shows the layout of the clear plastic mask placed

over the spray shadowgraphs to determine the positions of the ligaments

and drops. The 35-millimeter film (shadowgraph record) was viewed with

a device which afforded a fivefold magnification of the spray particles

and also vertical and horizontal movable crosshairs with suitable

scales for measuring drop diameters. Five pictures were obtained for

each jet velocity to minimize random variations. 0nly the three

largest drops in each i0 ° sector were measured and used in the analysis;

these data are listed in table I. (Blank spaces in the table indicate

data not available.)

The distance from the point of jet impingement to complete breakup

of the ligaments was also obtained from the pictures. The sheet break-

up distance was not directly discernable for many of the flow condi-

tions used; a definite spray property was needed to indicate this

liquid-sheet characteristic. The position at which circumferentially

alined ligaments disappeared with respect to the point of jet impinge-

ment was discernable, and this position was assumed as an index of

sheet length. This radial distance was measured in each i0 ° angular

increment in the five photographs for each jet velocity. Where sheet

breakup distance was measurable it was equal to about one-half the

distance for complete ligament breakup.

Photomicrographs of the spray were obtained with a large box

camera arrangement shown schematically in figure l(d). The photomi-

crographs were obtained at i, 2, 3, 4, 5, and 6 inches laterally

displaced above the horizontal spray axis 8 inches downstream from the

atomizer. A jet velocity of 60 feet per second was used for these

photomicrographs. One photomicrograph at each of the foregoing posi-

tions, however, was analyzed to provide a qualitative picture of the

drop-size distribution. Each photomicrograph provided a spray sample

of about i00 drops (table II).

Spray-velocity measurements were made by a streak-photograph

technique (fig. l(e)). Velocity data were obtained along the spray

axis and also along the 20 ° , 40 ° , 60° , and 80 ° positions for each of

the four jet velocities. Velocity of a single jet was also measured.

Spray or jet velocity is computed as the product of the film speed,

the tangent of the average streak angle, and theproper scale factor.

Values of jet velocity obtained from film data were compared with

values of jet velocity calculated from measurements of flow and tube

cross-sectional area.
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Massdistribution within the spray was measuredwith a collector
divided into five 20° sectors (fig. l(f)). The spray pattern was assumed
to be symmetrical about the spray axis in the vertical plane_ therefore
the spray collection was obtained in only one quadrant as indicated.

RESULTS

Spray Photographs

Fnotographs of the overall spray pattern at nominal jet velocities
of 30, 60, and 74 feet per second are shownin figure 3. The process
of disintegration appears similar throughout this velocity range.

L

_D

Jet Velocity

Values of jet velocity determined from streaked-moving-film

records are shown in figure _ for a range of jet velocities. Data are

shown for two downstream positions, near the jet origin and 5 to

8 inches downstream. Velocities from the film data are plotted against

the velocities calculated from flow-rate measurements for comparison.

Flow rates were accurate to within ±i percent. The accuracy of the

streak-photography measurements is not readily defined, but is estimated

to be within 12 percent. Although the departure from the theoretical

value increases slightly with increase in jet velocity, the two methods

of jet-velocity determination are in agreement within measurement

accuracy. The results indicate that no significant contraction or

expansion of the jet occurs at the tube outlet. Jet velocity calculated

from flow rate was, therefore, used as a basis for comparison of the

spray velocities.

Spray Velocity

Figure 5 shows the effect of jet velocity on spray velocity for

several angular positions about the spray axis. These evaluations

were made in the region 3 to _ inches from the impingement point of

the jets. They show that spray velocity varies nearlyproportionately

with jet velocity. A cross plot of these data is shown in figure 6;

that is, the ratio of spray to jet velocity is presented as a function

of angular position about the spray axis. As could be expected, the

highest ratios (93 to 99 percent) occur along the spray axis. This

ratio decreases to a minimum of 72 to 77 percent at the 80 ° positions.

Mass Distribution

Mass distribution is shown in figure 7. The tops of the shaded

rectangles represent the average for the four jet velocities. The

I



experimental results shown are average values of repeated tests. The

effect of jet velocity appears to be within experimental accuracy. The

data plot indicates that about 50 percent of the total spray mass is

accounted for in an angular sector of 40 ° equally spaced about the

spray axis.

!

Breakup of Liquid Sheets into Ligaments

An analysis of spray photographs (similar to those in fig. 2) was

made to determine the radial distance and angular position for complete

breakup into drops. Figure S shows a plot of the mean value of dis-

tance to breakup obtained from five photographs for each of the four

jet velocities investigated. The longest travel of the liquid sheet

before breskup into ligaments and finally into drops occurs at the

spray axis. The distance diminishes gradually until at right angles

to the spray axis the distance _s about one-third to one-fourth that

along the spray axis, that is, 1.3 compared with 4 inches. The effect

of spray velocity on distance of breakup is not pronounced. However,

there is a slight increase in distance for an increase in jet

velocity at the spray axis.

Maximum Drop Size

Table I lists the three largest drops in focus in each i0 ° sector

as read from the shadowgraphs and their respective positions with

respect to the spray axis and the point of jet impingement. High-

speed photographs for transient conditions showed that these large

drops formduring ligament disintegration and once formed do not change

in size. A limiting drop size may repeatedly occur in a sector if

drop stability is such that all drops larger than a critical size

disintegrate. The data_ however, indicate that size distribution and

probability affect the measurements made. Measured maximum drop sizes

appear to decrease with an increase in jet velocity and with an increase

in angular position with respect to the spray axis. The maximum sizes

listed in table I are between 0.036 and 0.090 inch in diameter.

Drop-Size Distribution

A log probability plot of the drop-size measurements obtained from

photomicrographs (table II) is shown in figure 9(a). The pictures

were taken 8 inches downstream from the atomizer_ that is, sufficiently

far from the point of jet impingement for complete breakup (ref. I).

The data are typical of impinging-jet sprays in that the distribution

tends to terminate at a finite maximum drop size in the large-drop-size

region.



DISCUSSION

The results obtained for spray velocity, massdistribution, and
disappearance of circumferentially alined ligaments are comparatively
self-descriptive and in manyrespects characterize the spray formed
by the impingement of twin jets. The data on measuredmaximumdrop
size, however, require further analysis if they are to be used as a
spray characteristic. The following discussion entails an analysis of
these data combinedwith previously reported data for impinging-jet
injectors of similar design. The spray characteristics will then be
analyzed for possible interrelation.

In reference I drop-size data were obtained from impinging-jet
sprays for three jet diameters and for various jet velocities and
surrounding air velocities. These data were obtained for heptane
sprays where each spray sample contained about i000 drops. The data
were analyzed for meandrop size using the Nukiyama-Tanasawadrop-size-
distribution expression (refs. 7 and 8). These data also fit an
"upper-limit" expression (ref. 8) for drop-size distribution. The
"upper limit" expression is the sameas the log-probability expression

!

QD

dR 5 e- 82y2

dy-

except that

y= in--
Dm - D

rather than

D
y= In-_-

D

where R is the cumulative volume in percent, 5 and D are constants,

D is drop diameter, and Dm is a maximum drop diameter.

The "upper-limit" expression is based on the premise that distri-

bution terminates at a finite maximum drop size. Reference 8 discusses

methods of obtaining a mean drop diameter such as D30 _ D31 , and D32

from plots such as shown in figure i0.

Figure 9(b) shows a typical log-probability plot of data from

reference !; a curved line is almost always obtained. The curve may be

extrapolated to obtain a value for Dm, and the parameter D/(D m D)

may be evaluated.
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Figure !O(a) shows a plot of all the data in reference ! evaluated

on the basis of this "upper-limit" expression for drop-size distribution.

The data fall within about _+20 percent of a mean-value straight line.

The mass mean for the straight line shown occurs at a value of

D/(D m - D) = 1.17, and the value of D/D m is 0.54.

The drop-distribution data obtained in this study (fig. 9(a) and

table II) may be similarly evaluated on the basis of the "upper-limit"

expression for distribution. Figure lO(b) shows this plot. A straight

line may again be used to approximate the data; however, the slope

and position of the line differ from those of figure lO(a). The drop

count for the data in reference I was about i000 for each sampling,

whereas the drop count for the data in this study was only i00 per

sample. It has been observed that, where drop counts of i00 and I000

are taken from a given spray sample and the "upper-limit" evaluation

is used, the most probable straight line in the plot with the smaller

number of data points will have a steeper slope and be displaced to the

left of the straight line with the greater number of data points. This

result is consistent with other statistical analyses of the effect of

sample size on deviations in means. Differences in figures lO(a) and (b)

may, therefore, be partially attributed to sample size.

Figure i0 indicates that drop-size distribution from impinging jets

can be approximated by a single straight line from the "upper-limit"

plot of the data. With this assumption, it is necessary only to

establish a maximum drop size in order to approximate the entire dis-

tribution for the conditions considered.

As a means of obtaining an extrapolated value of the maximum drop

diameter from the large-drop measurements (table I) a log-probability

plot of a chosen range of Dm values and corresponding values of

D/(D m - D) and R from figure lO(a) was prepared as shown in figure ii.

As an example, the data points shown are from table I (jet velocity,

A4 ft/sec; angular position, 50o). Values of fir are plotted against

D, where

6

(p is water density and n is number bf drops of diameter D) and

_nD 5where equivalent values of 6 were calculated from the experi-

mental mass-distribution data shown in figure 7, the velocity character-

istics from figure 6, and the radial length of spray elements analyzed

in the spray photographs. In most cases the three large drops



represented about 5 to 50 percent of the mass in the sector considered.
Extrapolation of these data to a nominal lO0-percent R indicates a
maximumdrop size of about 2000 microns for the particular conditions
considered. Maximumdrop sizes were obtained in a similar manner for
all spray sectors and jet velocities. The results are shownin fig-
ure 12 as a function of angular position for each jet velocity.

Figure 12 showsthat extrapolated maximumdrop sizes occur on or
near the spray axis with a trend toward smaller maximumsizes with an
increase in jet velocity. Maximumdrop sizes, however, vary only
between about 1800 and 2400 microns. Assumingthe generalized dis-
tribution function shownin figure lO(a) to be valid, that is,
D/Dm = 0.54, the massmeandrop diameter would show a variation of
970 to 1300 microns. The water-spray results are in relatively good
agreement with those for heptane sprays (ref. i), if the heptane data
are corrected for the difference in surface tension and the difference
in environmental test conditions is considered If the foregoing
correction is made, a maximumdiameter of 1770 microns is calculated
from reference I for water at conditions nearly comparable with those
of this study.

Thus far in this study spray velocity, mass-flow rate, sheet
breakup distance, and maximumdrop size have been presented as a
function of angular position in the spray pattern. The interrelation
of these parameters is also of interest in describing spray character-
istics in a more generalized form.

Onecombination of parameters which may showinterrelations is
velocity, mass-flow rate, and length of the unbroken liquid sheet.
Inspection of the data has indicated a proportional relation between

- sheet length at breakup and the square root of the ratio of mass-flow
rate to spray velocity. Figur_ 13 showsthis correlation. Although
appreciable scatter of data is evident, correlations based on only
single functional relations appeared justified because of the statistical
nature and limited range of the data.

Knowing the velocity, mass-flow rate, and sheet breakup length in

a particular spray sector, one can calculate an apparent sheet thickness,

where the apparent thickness is proportional to the mass flow divided

by the sheet length and spray velocity. Since the length showed an

approximate correlation with the ratio of mass flow to velocity, the

apparent thickness can be similarly correlated.

Figure 14 shows such an apparent thickness as a function of the

square root of the [atio of mass-flow rate to spray velocity. Apparent
thickness varies between 0.0016 and 0.0046 inch or 40 and 115 microns.

I
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The sheet thickness was considered as a probable property which

governs drop-size distribution. An extrapolated maximum drop diameter

is presented in figure 12 as an index of drop-size distribution. These

maximum drop sizes are shown as a function of apparent sheet thickness

in figure iS. A functional relation cannot be justifie@ because of

the scatter in data; however_ the data imply that drop size is propor-

tional to some small fractional power of sheet thickness.

C_

I

The interrelations presented in this study are based on a relatively

small range in several parameters. They require justification with

additional experimental evidence to be generally applicable. The

approach used has been one in which a spray sector is considered an

entity in itself regardless of its source. Whether liquid-sheet dis-

integration can be studied in this manner or whether perturbations in

internal energy and other factors are overriding effects remains to be

evaluated. A similar study for other jet diameters would extend the

range in p_ ameters_ and it appears to be the most fruitful approach to

establishing more precise interrelations of spray-sector properties.

! SUMMARY OF RESULTS

A study of the spray formed by two 0.089-inch-diameter impinging

water jets in quiescent air for a nominal jet-velocity range of 30 to

74 feet per second showed the following spatial characteristics:

I. The resultant spray velocity varied between 72 and 99 percent of

jet velocity in a circumferential survey around the point of impingement.

Maximum and minimum velocities occurred along the spray axis and normal

to the spray axis_ respectively.

2. The disappearance of circumferentially alined ligaments was

used as an indication of sheet breakup distance. The distance from the

point of impingement varied between 4 and 1.3 inches. Maximum distances

occurred along the spray axis. The effect of jet velocity was small_

although there was a slight increase in distance for an increase in jet

velocity.

3. Fifty percent of the mass was distributed in an angular incre-

ment of 40 ° centered about the spray axis. The effect of jet velocity

was small.

4. A sampling of large-diameter drops showed that drop diameters

approaching the jet diameter exist throughout the major portion of

the spray.

S. Drop-size data from several impinging-jet injectors were

analyzed using an "upper-limit" expression for size distribution. The
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expression is based on the existence of a maximumdrop diameter. Data
for a variety of conditions were found to fit a single curve to within
+20 percent. The curve indicated a mass mean drop size equal to

S% percent of the maximum extrapolated drop size.

6. Large-drop sampling data were extrapolated for a maximum drop

size on the basis of the average distribution curve. Maximum drop sizes

from 1800 to 2400 microns were obtained. The largest values occurred

along the spray axis.

7. The spray properties were analyzed for correlating parameters.

Sheet breakup distance and a calculated apparent sheet thickness at

breakup were found to be nearly proportional to the square root of the

ratio of mass-flow rate to spray velocity. Maximum drop size increased

with an increase in apparent sheet thickness; however_ the data were

too scattered to establish a functional relation.

I
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TABLE I, - DROP DIAMETERS AND RADIAL POSITIONS OF THREE LARGEST DROPS IN EACH SPRAY SECTOR

OBTAINED FROM SHADOWGRAPH RECORDS

[Spray axis horizontal.]

55 mill|-|

meter I

Drop diameter t in.

Distance from impingement point, in.

picture ] Angular position, deg
frame i

Above spray axis Below spray as_

90 I 80 1 70--I 60 ] S_-30 20Lj23__jo] 201_0 T--_6, _01___ 70J 6__1_2_

-- 0,05_ 0.056 0.066°b'.042 0.060 0.068 0.068 0.040 0.055
1 _ _.-'575"- _ -T:T- --_[TT- -TT'8-- _ -_J'[]T7 _

..... _ 0,062 0.072 0.080 0.066 0.068.......... qw- -_--_l-crF s--_-
I I0.054 0.062 0.072 0.080 0.070 0.070

....., x _ --CYO-- -VTO--__ ¢_.

._ . 0.0801_ 0.046 0.05810.052 0.060 0.058
2 .'-SRT/-IT._- _ ...... _ --6-T6"-Y--ET@-'-T£T#- ¢_.

t _ 0.070 0.066 0 058 0.070 0,064

............... _ -Tin- -STS- -sW- 4---S-
0.080 0.094o.oz2,o.o8o0.072

0,048 0.054 0.056 0.054 0.048 0,062 0.048 0.072 0.040

i -'b'i'3-l-T78-'] 3._ I 5.0 _ "_[TS'-I--gTS--' 5.9 1 4.7

0.04_/0.05410.05510.066 0.058 0.072 0 066 0 07210.060
-7C'__| ._C5"-_I 3.s I _.0 -T:Z- -STI ._.-"_T_ 6.41 4.2

|0.05610.05810.074 0.062 0.074

_--_0.040[0.038[0.040[0.046 0.050 0.060 0,052 0.050 0.048

-r--rl-T-4-1 42 I 5._" -s:T _ _ 4.9 _.2
0.040[ 0,058 I0,084 I0.080 0.050 0.060 0.058 0.050 0.052
-_'_--I--#-:-.-.-.-.-.-.-.-_-3.2 [4,7 _ _-"4-:'_ 7 c, 4.3
0.040[0.046 10.060 0,060 0.060 0.05810.05210,_058
_--r. F xr-,----1_-_- _,_ " _
0.02010.051 0,027 0.050 0.054 0,055 0.05810.05610.044

5 "-ET6- "-_'-"--;C"_" _'- _ -5T5-- --g'7"."."."."_-_ _ 5.5

..... _0.054 0.060 0.062 0.060 0.046
.......... 0___.060_ --6-TE---E?%--_ _ 5.40.070 0,070 0,064 0.064 0.050

..... " ..... J.... -I _ 9 __ 5.0 4.5

6 ..... _ o_oo_40.042
0.060

_ 0.044 0,0407 ..... 4._ 3,1

0.052 0.054

. 3.8 4.7

' 0.066

0.058 0,048
8 IW--_-I_ 5.8 3.7

l I 0.062

9 [_ .... 0.070 0.0681.7 2 .'_'

10 0.060 0.050 0.050

0,054 0.056
--5"T_--..,-5--.-.-.-.-.-.-.-.-_--
0.058 0.058

0,044

0.058

.-s?o-
0.060

-5?O--
0.060

0.048

o .054

--cr-
0.058

-ETO--

0,074

0,060

-L'T'/-
0,066;

0.0661

w-.r]

Jet ve ]cci_f t_sec

0.0640.064 0.068 0.072 0.080 0.062

.-'h--------------_F-ST _ _ _.6 8.0
0.066 0.0_6 0.070 0.074 0.082 0.070

--¢-77-_ b.-Z-/C---E?E-
0.072 0.066 0.07S!0.08010.090 0.072

0.062 0.070 0,064i0.07210.062 0,06,3

0.086 0.076 0.08810.07810.066 0.062
I

0.090 0.084 0.070 0,08010,082 0.066

_ _--'4--_-._ _. 2 7.3

0.054 0.052 0.068 0.066 0.060 0,054

_ .-'5/--.U-- --'_'-",_ -z-_- 5.8 7.6

0.072 0.062 0.07410.07010.060 I0.062

--&-YS--_'_! 7.5 I 5.7
0,072 0.064 0,076 0 090 0.074 0.074
_..-_;________________ _ 5.9 5A

0.060 0.060 0.068 0,070 0 060 0.060
5_-T_-- -TT@-- -_--_-- _ 8.0 6.0
0.062 0.062 0.07210.074 0.062 0.060
_5-- --6"_'- _ _ 7.5 7.5

0.066 0.062 0 08O 0.07610.064 0.074

--z_-_-- --'_---_'-- _ -'A'-'5_- 6,8 4.7'

0.062 0.058 0.068 0 07010.050 0.060

_ ,_. _ 7.6 6.5

0.072 0.068 0.072 0.074 0.070 0.060

0.072 0.072 0.080 0.076 0 074 0.082_

-ST_ ¢.--Tr T2_ --4--'-_ -#:T- -'TT_

Jet velocity, 44 ft/see

0.04210,050,0.062 O'_l

-s_-I _ IW:_ -v:r-I-'C_l
0.060,0.054,0064 IWl
0.084 0.088 0.068

0.052 0.030 0.044 o.o441o.o541
--_TO--I-ET_-

0,054 0.050 0.060 0.05010.0561

0,058 O,OSO 0.064 0.054
-_L--_-- -TTr -ITT" _;-T///////#- .....

0.06010.060 10.070]0.060 0.066

-_- -v-."_c17r:'_ |-_m5-
0.070[0.062 10.074i0.060 0.068

[0.064 I0.084|0.06410.068

0.056 0.066 10.064|0.07610.074
-Tn--l-T-_--l-Tm--l-Tm--

0.086 0.076 !0.074|0.0_210 078

-Tin-Tin-.l _--_-I-rm-
0.076 0.082|0.08610.080

0.084 0.070 0.06210.066]0.068

-575"---W:'_ q-:':'_| _,--'_G-_
0 070 0/376 0.06210.076 0.074

o,oa0 0.080 10.07810.0801
.--_T-r_-_- -'--_-T_-[ 6.2 1
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TABLE I. - Concluded. DROP DIAMETERS AND RADIAL POSITIONS OF THREE LARGEST DROPS IN EACH SPRAY SECTOR

OBTAINED FROM SHADOWGRAPH RECORDS

[Spray axis horizontals

--I55 milll

meter
Drop dlameter_ in,

Distance from impingement point, In.

picture [

frame Angular pos_tlon, deg

Above spray axis Below spray axis

qo 80 70 _ _

_T-_ _ 1
0.052 '0,05( 0.044 0,064
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TABLE II. - DROP DATA FOR LATERAL DISTANCE SAMPLING

Drop diameter 3

microns

5O

i00

125

150

2OO

25O

500

350

400

5OO

6OO

700

8OO

900
L. ,

Laterai-distance_ in.

ol i;l o
Number of drops

55 56

55 58

13

9

7

6

5

3

2

1

60

26

28 17

15 12

i0 8

8 7

6 6

5 2

1

-- i

i00 7O

6O 20 42 30

20 -- 13 --

9 i0 7 17

-- 8 -- Ii

7 7 5 8

6 5 4 5

4 _ 2 3

-- 2 i 2

l --

i --

!
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(a) Atomizer detail.
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atomizer I

(b) Flow apparatus.

__LYregulator

40-gallon water tank I I /--Sight gage

(pressurized)

Figure i. - Schematic diagrams of impinging-jet and photography apparatus.
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Impinging Jets

Spray axis j

Figure I. - Concluded,

(f) Spray collector.

Schematic diagrams of impiuglng-Jet and photography apparatus.
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Figure 5. - Effect of Jet velocity on spray velocity at different angular
positions in spray plane. Distance from atomizer_ 3 to 4 inches.
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Figure 6. - Variation of ratio of spray velocity to Jet

velocity at different an_lar positions about spray

axis for several jet velocities. Distance from

atomizer, 3 to ¢ inches.
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(b) From present investigation. Water Jet velocity, 60 feet per second; jet diameter,

0.089 inch; distance downstream from atomizer, 8 inches•

Figure i0. - Concluded. "Upper-limit" analysis of drop-size distribution.
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